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The fact is well recognized that a  considerable quantity of hemo- 
globin must be free in the plasma if any is to pass the renal barrier 
and appear in the urine.  The pigment is, like dextrose, a "threshold 
substance."  It  readily  penetrates  into  the  renal  tubules  but  is 
absorbed again  more  or less  completely during  its  course  through 
them. t  This  being  true,  diuresis  should  diminish  the  chances  of 
absorption by hastening  the flow of fluid,  and  tend  to lead to the 
appearance  of  the  pigment  in  the  urine.  Evidence  will  here  be 
presented  that  such  is  the  case.  Hemoglobinuria,  like  glycosuria, 
is much favored by flood diuresis. 
Method. 
A  concentrated  solution of hemoglobin was abruptly thrown into 
the circulation of rabbits and dogs, followed in some instances by a 
slower injection of salt solution.  The amount of pigment introduced 
was  slightly  less  than that  required  to produce hemoglobinuria  in 
the  absence  of  diuresis.  The  urine  was  collected  at  intervals  by 
catheter. 
All of the animals were males.  Individuals were selected with normal kidneys, 
as indicated  by ~e general character  of the urine  and proven by the autopsy 
findings. 
Great  care was necessary to prevent  hemorrhage during  the catheterization 
of the rabbits,  and despite it a few red cells were frequently encountered after- 
wards in the urine.  For this reason the experiments were repeated  on dogs, in 
which the complication can  be avoided.  The animals  were stretched out, the 
bladders emptied by catheter as completely as possible, and the urine set aside for 
t Adami, J. G., Y. Physiol., 1885, vi, 382. 
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test,  and the injection made into an ear vein.  A hemoglobin ~lution prepared 
by the  method  of Sellards  and  Minot  2 from the  blood of rabbits  was rapidly 
injected  and followed in many instances by warmed 0.9 per cent salt solution. 
To rule out all possibility of a  mistake in the composition of the latter solution 
such as might, by intravascular laking, cause hemoglobinuria, its effect was tested 
regularly on an erythrocyte suspension. 
A  table will be used to present  the results (Table I).  The amount of hemo- 
globin injected is there recorded in percentages of the total quantity of the pig- 
ment  already  in  circulation,  as  calculated  from  the  percentage  in  the  blood 
(Palmer method) and the total blood quantity, assuming this to constitute 5.5 per 
cent of the body weight in the rabbit and 8 per cent in the dog.  Trial showed 
that in the rabbit one can inject hemoglobin up to at least 0.8 per cent of the 
body quantity without the appearance of any in the urine, save when diuresis is 
induced.  In the dog 1.6 to 1.8 per cent gives similar results.  No attempt was 
made  to determine  the normal renal  thresholds  more closely.  In each experi- 
ment with rabbits two individuals received the same preparation of hemoglobin 
in identical proportion, one animal serving as control while in the other diuresis 
was induced by the injection of 20 to 40 cc. of saline solution given over a period 
of several minutes.  In the work with dogs, each animal served as its own con- 
trol, receiving repeated injections. 
Catheterization was done just prior to each injection and ½  hour after it.  The 
gualac test and the spectroscope were used to disclose hemoglobin, but in many 
instances more striking testimony was obtained in the bright pink or red hue of 
the urine.  To determine  whether  hemorrhage had been a  factor,  erythrocytes 
and their shadows were ~ught for in theurinary sediment. 
Nine pairs of rabbits were used, each pair closely matched as regards size and 
blood condition.  In two pairs which received 0.6 per cent and 0.8 per cent of 
hemoglobin, the urine of all of the animals remained free from the pigment; but 
only a questionable diuresis had been,induced.  In a third pair diuresis yielded a 
red urine,  whereas  that  from the control animal was pink; but both  specimens 
showed fairly numerous erythrocytes.  In the  remaining  six  experiments  diu- 
resis  regularly  resulted  in  a  pink  or  red  urine  containing much hemoglobin 
and free from red cells  or shadows, in contrast to the specimens from the con- 
trois, which, though sometimes showing a  few red ceils,  were always yellow and 
only once yielded a  positive gualac reaction after  the  ceils  had been removed. 
Three such sharp-cut instances are presented in the table. 
Four  dogs  were  used.  In  one  the  results  were  relative  only,  hemoglobin 
appearing in quantity when diuresis was induced, and to a  less extent next day 
when  diuresis  was  lacking  after  the  pigment  injection.  The  findings  in  the 
remaining  three  animals  have been  tabulated  (Table  I).  It will be  ~en  that 
diuresis regularly resulted in hemoglobinuria, whereas without it none occurred. 
2 SeUards,  A. W., and Minot, G. R,, Y. Med. Research,  1917-18,  xxxvii, 161. HERBERT  HAESSLER  519 
By varying the order of the experiment, an overloading of the organism with 
pigment was ruled out as responsible for the results. 
It is evident that flood diuresls markedly influences the elimination 
of hemoglobin into the urine, lowering the renal threshold for the 
substance as it does that for dextrose.  According to Cushny  ~ flood 
diuresis probably never occurs in man as a  result of fluid taken by 
mouth.  The tubules of the rabbit kidney are much less active in 
resorption than those of human beings; yet when very large quan- 
tities of water are administered to this animal "even its feeble power 
of absorption is sufficient to save the optimal fluid. ''~  The present 
findings, then, have no bearing on the occurrence of clinical hemo- 
globinuria.  They are not without significance, however, for a proper 
understanding of the  renal siderosis  that  occurs in diseases which 
involve the repeated liberation of small quantities of blood pigment 
into the circulation. 
CONCLUSIONS. 
Flood diuresis so far lowers the renal threshold  for hemoglobin 
that  the  pigment appears in  quantity in  the  urine as  result  of  a  hemo- 
globinemia insufficient  under ordinary circumstances to lead to the 
elimination  of even a trace of it.  In pathological conditions that 
involve  blood  destruction  hemoglobin  probably  passes  into  the 
tubules much more often than it  reaches the urine,  being  preyented 
therefrom by the resorptive activity of  the tubular epithelium. 
s  Cushny,  A.  R.,  The  secretion  of  the  urine,  London,  New York,  Bombay, Cal- 
cutta,  and Madras, 1917,  145. 